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Abstract

The LHC central timing requirements are very different from those of the injector chain, not only 1s machine safety and reliability critical, there are
other important differences that have forced a new approach. Unlike the ijector chain, the LHC processes can not be usefully broken up into basic
time periods and cycles, rather they are independent, asynchronous, and of arbitrary duration. This paper presents the MTT, the new multitasking
event generation hardware we developed to control the LHC machine processes.
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millisecond. The MTT encodes and trans-

mits the UTC time at the advanced PPS tick. The 100us offset together with the transmission delay will be compen-
sated for at the CTR timing receivers [5] to realign the output PPS tick with UTC. The CTR timing receivers recover
the encoding 40MHz and use this recovered clock to ensure the local PPS is within 25ns of the original Xli PPS.

start-ramp Or post-mortem.

The payload carries specific information that depends on the header. The
two UTC frames carry the 32-bit UTC time, and in the LHC, the machine
event payloads vary according to the event code. For example the LHC
beam intensity event carries the intensity per bunch encoded in units of
10'? protons; while the machine mode event carries the mode enumeration
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THE MTT IN PRACTICE

MTT EXTERNAL EVENT TASK

strp: % Start program and interrupt survey task
movv TskStsRUNNING LRegTASK STATUS %
movv ~ ConsNOT_ SET LRegParRUN_ COUNT %

int 2

Event Table Processing

An event table is a list of entries, each of which contains the name of the event to be broadcasted over the LHC timing cable, the relative
time to wait before sending it, and its payload. These tables model LHC machine processes and are controlled from the LHC Software
Architecture LSA timing service. The event table is sent from LSA to the LHC central timing gateway as a byte stream. On arrival the
event table compiler builds an ASCII file suitable for input to the
MTT assembler that will become the event task. The compiler first
translates each entry in the table into wait and move instructions. The
resulting block of instructions is then included into an event table task
template to become a full event task suitable for assembly. The tem-
plate contains code that manages the task synchronisation and its run
count. The resulting task is assembled into position independent ob- o —
ject code. The task loader then places it in memory, initialises its con- Event Table Compiler movv 0x14020005 EVOUT
trol block and runs it. LSA must now specify a synchronisation event template ron bR
and run count to start producing event frames from it.

The length of an event table can vary form only one event entry to
thousands, and event tables are loaded and unloaded under LSA con-
trol. The task loader must manage MTT program memory so that each
task has the memory it needs. The task PC offset register permits the
task loader to pack fragmented memory containing running tasks into
contiguous memory. This can be achieved by copying a task from one
address to another unused portion of memory and changing its offset
register so that it executes at the new location without being dis-
turbed.

Say we are running
Run forever
Notify survey we are running

External events such us beam-dump
requests, injection requests and post
mortem analysis are fed into the MTT
via the VME P2 User 10 register. The
register VMEP2 stores any External
Event transition. A task waits on this
register and clears it at the same time
it copies 1t into a work register
(RegVmeP?2). The task verifies the ac-
|, tive bits and broadcasts the necessary
— Event Frames by writing to the Event
Out register (EVOUT).

o°

% Wailt
WOTrv
movr

cont: for the VME P2 bits and send out events accordingly
ConsVMEP2 BITS VMEP2

VMEP2 RegVmeP?2 %

o°

Wait for VME P2 bits
Copy reg and clear bits

% Test
andv

tdmpl: for dump ring 1
ConsHX DMPD1 BIT
tdmp2

ConsHX DMPD1

ConsHX ENBPM1

.Start-Ramp 1.01 0x5
Start-Freq 0  0x05

RegVmeP2 Test dump 1 bit
Go check for dump 2 bit
Send dump 1

Re-enable after a dump

LRegTEMP

o
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EVOUT
EVOUT

movv
movv

o° o o° oP°
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Test
andv

1
|
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: tdmp?2 : for dump ring 2
' ConsHX DMPD2 BIT
tinj
ConsHX DMPD2
ConsHX ENBPM2

RegVmeP2 LRegTEMP Test dump 2 bit
Go injection warning bit
Send dump 2

Re-enable after a dump

o
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EVOUT
EVOUT

movv
movv

o o oo oP°

Tran

Translate

and Merge % Test

andv

tinj: for LHC injection
ConsHIX FW BIT  RegVmeP2 LRegTEMP %
tpml S

ConsHIX FW EVOUT %

Test inject bit
Go check for PM ring 1
Send injection forewarning

Table Task

o
D
Q

movv

Assemble
task

oe

Test
andv

tpml: for post mortem bit 1
ConsHX PM1 BIT RegVmeP2 LRegTEMP %
tpm?2 o

ConsHX PMI EVOUT %

Test PM ring 1 bit
Go check for PM ring 2
Send PM-1 trigger

Assembler

o
()
Q

movv

Reflec-
tive

L___> Hot

o°

Test
andv
beqg
movv

tpm2: for post mortem bit 2
ConsHX PM2 BIT RegVmeP?2 LRegTEMP %
cont S

ConsHX PM1 EVOUT %

TN I TN AT

Test PM ring 2 bit
Go check for PM ring 2
Send PM-1 trigger (not PM-2)

Proc

jmp cont % Go wait for next P2 interrupt




